Although it has already been shown that calcareous stone can be consolidated by 9 using a bacterially-inoculated culture media, a more user-friendly method is the in situ 10 application of a sterile culture media that is able to activate, among the microbial 11 community of the stone, those bacteria with a potential for calcium carbonate 12 precipitation. In order to test this new method for stone consolidation, non-sterilized 13 decayed porous limestone was immersed in sterile nutritional media. Results were 14 compared to those of the runs in which stone sterilized prior to the treatment was used. 15
1.-INTRODUCTION 27
Bacterially induced mineralization has recently emerged as a method for 28 protecting and consolidating decayed ornamental stone, which offers noticeable 29 advantages compared to traditional restoration procedures. Castanier et al. (2000) found 30
that Bacillus cereus was able to induce extracellular precipitation of calcium carbonate 31 on decayed limestones. Rodriguez-Navarro et al. (2003) tested the ability of M. xanthus 32 to induce calcium carbonate precipitation on sterilized porous limestone, finding that: i) 33 a coherent carbonate cement of 10-50 µm coated the treated stones; ii) the new cement 34 was compatible with the substrate; and iii) this cement was rooted down to a depth of ~1 35 mm while at the same time stone porosity remained completely unaltered. The higher 36 depth reached compared to Castanier´s method is probably linked to the gliding motility 37 that displays M. xanthus, which allows the bacteria to move deeply into stone pores, 38 thus promoting both surface and in-depth consolidation. Another advantage is that, in 39 the experimental conditions tested, M. xanthus dies without forming a resistant stage 40 when nutrient feeding is discontinued. This considerably reduces the probability of 41 undesirable uncontrolled growth when the nutrient supply is accidentally restored. The 42 newly formed bacterial cement was more resistant to mechanical stress, i.e. more 43 consolidated, than the original carbonate. All of these advantages over traditional 44 organic and inorganic protection and consolidation treatments have opened an array of 45 practical options for the conservation of ornamental stone. However, no studies have yet 46 focused on the consequences for stone consolidation of the application of an M. 47 prevent further precipitation of solid carbonate, samples were acidified using HCl. 126 NH 3(aq) and phosphate concentration in the culture media was measured using the HACH 127 DR 850 colorimeter and the Salicylate and Amino Acids methods, respectively. Based on 128 repeated measurements, experimental error for pH was ± 0.05, for Ca T(aq) and NH 3(aq) ± 129 0.05 mM and for phosphate ± 0.08 mM. 130 131
2.2.3.-Analyses of stone slabs 132
Treated stone slabs were analyzed by X-ray diffraction (Philips PW1547 133 difractometer). Small fractions of the stone slabs were then separated and gold-coated were collected, dried for 24h in an 80°C oven, and weighed after each 5-min sonication 142 cycle. Based on repeated measurements, analytical error was ± 10 %. 143
Changes in stone porosity and pore size distribution were studied using mercury 144 intrusion porosimetry (MIP) (with a Micromeritics Autopore 5510 device). Samples 145 were dried overnight in an oven at 80°C prior to MIP analysis. 146 147
2.2.4.-Phylogenetic identification of the microbiota grown in the culture media 148
The autochthonous bacteria associated with altered ornamental stone was studied 149 using a culture-independent approach. DNA extraction protocol was described by where K sp is the solubility product (log K ps, vaterite = -7.913 and log K ps, calcite = -8.48; 196 (Plummer and Busenberg, 1982) . Error in saturation values were calculated from 197 experimental errors in pH, Ca T(aq) , NH 3(aq) and phosphate and were estimated to be ± 10 %. Culture media were designed to potentiate bacterial growth that induces the 283 precipitation of calcium carbonate, while at the same time avoiding, due to the nature of 284 their metabolic activity, the production of acids that can actually dissolve the stone. 285
With this idea, on the first place, activated microorganisms must alkalinize the culture 286 media to create favorable conditions for calcium carbonate precipitation. With this end, 287 bacto-casitone was introduced as a source of carbon and nitrogen, thus favoring 288 alkalinization due to the oxidative deamination of amino acids that results in a release of 289 CO 2 and ammonia. The release of ammonia increases the pH of the culture media 290 creating an alkaline environment and thus favoring calcium carbonate precipitation, 291 according to the following reactions: 292
(1) 293
The probability of acid production was drastically reduced by avoiding 296 carbohydrates as a carbon supply. The acids which the use of carbohydrates could have 297 produced were therefore completely excluded, while the growth of the bacteria that are 298 able to make use of amino-acids as sources of carbon and nitrogen was enhanced.
Moreover, calcium source was introduced as calcium acetate, to allow the pair 300 acetic/acetate to form and to act as a buffer against pH decreases. 301
The identified stone microbial community is chemoorganotrophic and can grow 302 firstly, with the geological/hydrological setting of the quarry from which our porous 319 limestone was extracted and also, with the exposure of the ornamental stone to urban 320 contaminants. The quarry from which the stone was extracted is infiltrated by waters 321 previously percolated through saline strata. These waters also crosscut a nearby 322 dolomitic formation in lateral contact and overlapping the porous limestone formationisolated from dolomite formations. Finally, the old quarry was used during an interim 325 period as a corral yard for horses and mules, therefore, the growth of bacteria associated 326 with fecal contaminated groundwater is plausible. The development of bacteria 327 associated to the degradation of aromatic hydrocarbons and polyhydroxyalkanoates is 328 also consistent due to the stone exposure to urban contaminants. 329
Going deeper in the alkalinization of the culture media, the effect of the 330 activated bacteria, as well as that of M. xanthus can be followed by the evolution of the 331 These results show that, the culture media used in this study are able to activate 413 bacteria from the microbial community that induced the precipitation of calcium 414 carbonate on porous limestone. Such precipitate was compatible with the limestone 415 substrate and consolidated the stone without pore plugging. Calcium carbonate 416 precipitation was slightly enhanced when the culture media was inoculated with M. 417 xanthus. According to our experiments, the application of a culture medium with the 418 characteristics specified in this study is a more user-friendly to the in situ consolidation 419 of decayed ornamental stone than methods used so far based on the application of a 420 bacterially-inoculated culture media. 
